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Hepatitis B (HBV) virus infects the liver, and upon chronic
infection, can cause liver cirrhosis and hepatocellular
carcinoma. Despite universal vaccination programs against
the virus, HBV still affects over 2 billion people worldwide, with
over 240 million developing a chronic infection. While current
alum-adjuvanted vaccines have shown efficacy in promoting
seroprotection in healthy adults, 5-10% of immune-competent
populations fail to achieve long-lasting seroprotection from
these formulations. Furthermore, a large proportion of
immunocompromised patients fail to achieve seroprotective
antibody titers after receiving these vaccines. A novel vaccine
candidate, HEPLISAV™, uses immunostimulatory sequences
(ISS), in its formulation that helps induce a robust humoral and
cell mediated immunity against HBV. In Phase llI clinical trials,
HEPLISAV™ has been shown to elicit seroprotective antibody
titers with fewer immunizations. Similar safety profiles are
demonstrated when compared with current HBV vaccines. For
these reasons, HEPLISAV™ is an attractive vaccine to combat
this global disease.

Introduction

The hepatitis B virus (HBV) causes a potentially life-threatening
liver infection that affects over two billion people worldwide,
with over 240 million being chronically infected and unable to
clear the virus.! It is also estimated that more than 600,000 will
die annually from hepatitis B-infection-related complications. As
such, this disease remains a major global health concern, and car-
ries a higher risk of liver-related death than hepatitis C.2

HBYV is 50-100 times more infectious than HIV, can be
transmitted by contact with blood or other bodily fluids and can
survive outside of the body for at least 7 d. Modes of HBV trans-
mission include perinatal (from mother to baby), sexual contact,
sharing of needles and blood transfusions. Geographically, HBV
is endemic in China and other parts of Asia, where 8—10% of the
adult population is chronically infected; less than 1% of chronic
cases occur in Western Europe and North America. On aver-
age, the incubation period of HBV is 3 mo; however, HBV can
be detected within 1-2 mo after infection.! Symptoms during
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acute infections include jaundice, dark urine, extreme fatigue,
nausea, vomiting and abdominal pain; however, most people are
asymptomatic. Chronic infections often develop into liver cir-
rhosis and/or hepatocellular carcinoma. Morbidity and mortality
as a result of chronic HBV infections are significant. Surgery and
chemotherapy may help to prolong life after early diagnosis, how-
ever in developing countries due to lack of proper medical care
most people die within months of infection.!

HBV, a member of the Hepadnaviridae family, is a 42 nm
virion that replicates in humans and other higher primates, but is
unable to replicate in vitro.> The virus comprises a nucleocapsid
and an outer envelope of hepatitis B surface antigen (HBsAg),
which self-assembles into nanoparticles that form and expose a
highly immunogenic “a” epitope determinant, the basis of HBV
vaccines on the market. The nucleocapsid contains hepatitis B
core antigen (HBcAg), a DNA polymerase-reverse transcriptase,
viral genome of 3.2 kb, and other cellular proteins.*> HBcAg
undergoes post-translational modification to become hepatitis B
“e” antigen (HBeAg), which is a marker for high viral replication
and infectivity’ Finally, the hepatitis B “x” antigen (HBxAg) is
principally involved in the development of liver cancer by upreg-
ulating hepatocellular growth and survival genes and blocking
TNF-a-mediated killing of the infected cells.®

Studies have shown that host HBV-specific T cell responses
are important in determining the progression of, or recovery
from infection.” Indeed, viral clearance in the liver correlated
with upregulated T cell-derived IFN-y, demonstrating the
importance of adaptive T-cell responses in inhibiting viral rep-
lication and killing infected cells.® This is also demonstrated in
acute HBV infections where broad polyclonal cytotoxic T lym-
phocyte (CTL) responses persist after clearance.”'? Studies in
chimpanzees showed that CD8 cell depletion led to prolonged
infection and delayed HBV clearance; only when CDS8 cells were
returned to baseline levels did HBV-specific responses occur,
including increased IFN-y and viral clearance.”® Unfortunately,
CTL responses in chronic HBV infections are generally weak.” It
is unclear whether T cell deletion, exhaustion, anergy or dysfunc-
tion contributes to poor T-cell responses.'* Future studies will be
important to understand this phenomenon.

Since their inception in the 1980s, HBV vaccines have gen-
erally fared very well in terms of inducing protective immune
responses according to the recommended immunization schedule
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in healthy adolescents and adults. However, their impact on
controlling the global incidence rates was minimal, not due to
vaccine ineffectiveness, but to the populations to which the vac-
cines were targeted. Initially, this population was the “high-risk”
group, which includes health care workers and hyporesponsive
populations such as hemodialysis patients and the immunocom-
promised; however, less than half of the hepatitis cases occurred
in the high-risk groups.” Additionally, concerns arose since
first generation HBV vaccines were derived from the plasma of
asymptomatic viral carriers, which carried the possibility of dis-
ease transmission.'® As such, recombinant vaccine antigens were
derived from yeast, which led to the development of the currently
marketed HBV vaccines, such as Engerix-B® and Recombivax
HB®. The safety profiles of these vaccines are not in doubt with
more than 25 y of available data.

Furthering the success of the HBV vaccines, the World Health
Assembly passed a resolution in 1992 to recommend universal
hepatitis B vaccination. This led to an increase in the number of
countries that have HBV vaccination programs from 31 to 179
(as of July 2011).! Worldwide HBV vaccination programs have
proven to be effective in preventing mother to infant transmission,
chronic infections, and decreased incidence of hepatocellular car-
cinoma.” HBV vaccines also do not interfere with the immune
responses from other vaccines and vice versa.? This is particularly
important since infants receive many vaccinations early in life.
Since unimmunized infants born to hepatitis B infected mothers
are 3.5 times more likely to become infected with HBV, WHO
recommended that newborns should be immunized against HBV
within 24 h after birth.’® From 2006—-2008, newborn HBV vac-
cination increased from 27% to 69% worldwide.> In Taiwan,
where the world’s first HBV universal vaccination program began
in 1984, the prevalence rate dropped from 9.8% to 1.3% ten
years later in children under 15 y of age.”” With recent reductions
in the price of HBV vaccines, vaccination programs are becom-
ing even more widespread in developing countries, and facilitate
the reduction of HBV-related complications.

All licensed vaccines are comprised of HBsAg because of its
effect on B and T-cell responses. Its persistence in chronic infec-
tions is the principal marker for the risk of developing long-term
liver disease and hepatocellular carcinoma.? The “a” determinant
from HBsAg is also very immunogenic. Current HBV vaccines
available in North America and Europe are formulated with
recombinant HBsAg adsorbed to aluminum hydroxide or alu-
minum phosphate adjuvant. Some of the newer vaccines entering
the market also use monophosphoryl lipid (MPL) as an adjuvant.
Long-term seroprotection against HBV requires HBsAg anti-
body (anti-HBs) titers to be greater than or equal to 10 mIU/ml
1-3 mo after final immunization based on studies that examined
plasma-derived and recombinant HBV vaccines.>**?' At this
concentration, protection is conferred in 95% of children and
young adults after completion of the vaccine regimen.?>* Once
the vaccination series is completed, a number of studies have
showed that HBsAg-carrier status or clinical HBV rarely occurs,
even when the concentration of anti-HBs becomes less than 10
mIU/ml over time, stressing the importance of completing the

vaccination program.?2¢
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Typically, seroprotection is achieved in a three dose series at 0,
1, and 6 mo post-initial intramuscular administration of the vac-
cine, although factors such as age, obesity, smoking, diabetes and
renal disease can result in lower rates of protection.”” Other regi-
mens include an accelerated schedule for hyporesponsive individ-
uals?® and two-dose administrations for those who may not desire
the typical three-dose series or in developing countries where
compliance may be difficult to achieve.?”” Despite current vacci-
nation programs, failure rates to achieve seroprotective anti-HBs
titers are still high among individuals over 40 (25-50%)*" and
those who undergo hemodialysis or have diabetes (30-40%).%!
In addition, the 6-mo schedule of 3 injections can often be dif-
ficult to comply for developing countries or for individuals who
need rapid seroprotection, such as health care workers. As such,
addressing vaccine hyporesponsiveness, the inability to maintain
seroprotective anti-HBs titers and reducing the number of immu-
nizations are important considerations for HBV vaccines.

In this article, we will review current prophylactic licensed
HBV vaccines in terms of efficacy (immune responses, seropro-
tection) and safety. In particular, HEPLISAV™, a Dynavax
product, will be compared with commercially available vaccines,
as a potential HBV vaccine for licensure. With mounting chal-
lenges of hyporesponsive populations, more rapid seroprotection
in high-risk groups such as health care workers, and increased
compliance with reduced costs in HBV-endemic countries, the
need for effective HBV prophylaxis is paramount. Vaccination
is cost-effective, for all ages, regardless of prevalence, when
compared with the health costs associated with HBV-related

complications.’>%

Key Issues

Hepatitis B virus (HBV) infection is a potentially life-threaten-
ing liver disease; with more than 240 million chronically infected
individuals, up to 600,000 will die from HBV-related illnesses
annually.

HBV can survive for several days outside of the body and is
commonly spread through sexual contact, sharing of contami-
nated needles and mother-to-infant transmission.

Acute symptoms of HBV include jaundice, loss of appetite,
dark urine and pale stools; however, about half of those infected
are asymptomatic.

Chronic carriers are at risk of liver damage (cirrhosis) and
hepatocellular carcinoma with high morbidity and mortality.

With universal vaccination programs and improved hygiene,
incidence rates have decreased since 1980s.

Areas that need to be addressed to properly combat HBV
include vaccine hyporesponsiveness, inability to sustain seropro-
tective anti-HBs titers, more rapid seroprotection and reduced
number of vaccine injections.

HBsAg is the main antigen of commercial vaccines because it
comprises a highly immunogenic determinant. It is also an impor-
tant marker for the risk of chronic HBV liver disease and cancer.

HEPLISAV™ s a vaccine comprising synthetic immunos-
timulatory sequences (1018 ISS) and Hepatitis B surface antigen
(HBsAg).
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Phase III trials demonstrated that HEPLISAV™ produces
rapid, high titer and sustained seroprotection in healthy and
hyporesponders with fewer immunizations and has been shown
to have a similar safety profile to comparators.

Current HBV vaccines have shown to have a long-standing
and excellent safety record; this can be seen as a significant hur-
dle to any future HBV vaccine development and licensure.

Current Treatment Options

Approved North American HBV vaccines. Currently, in Canada
and the United States, there are only two commercially avail-
able vaccines that solely and specifically target HBV: Engerix-B®
from GlaxoSmithKline Inc., and Recombivax HB® from Merck
Sharpe and Dohme, a subsidiary of Merck and Co., Inc.

Engerix-B®. Engerix-B® is a recombinant hepatitis B vaccine,
consisting of HBsAg expressed in the yeast Saccharomyces cere-
visiae, which is adsorbed on aluminum hydroxide. The 24 kDa
recombinant HBsAg, originating from an adw HBV subtype,**
assembles into 20-nm particles when expressed by yeast; these
particles have similar immunological and physical properties
to the surface antigen that is isolated from human plasma dur-
ing natural infection.*>?¢ Engerix-B® was approved by the Food
and Drug Administration (FDA) in 1989 as an intramuscular
immunization. It contains no more than 5% yeast protein. The
recommended dosage for neonates, infants, children and adoles-
cents up to 19 y of age is 0.5 ml which contains 10 pg of HBsAg
adsorbed onto 0.25 mg of aluminum hydroxide given three times
at 0, 1 and 6 mo. For adults 20 y and over, the dosage is increased
to 20 pg of HBsAg and 0.5 mg of aluminum hydroxide in a
1 ml volume with the same immunization schedule. Finally, for
patients who are on hemodialysis, there are four immunizations
at 0, 1, 2, and 6 mo in order to achieve a seroprotection rate of
about 70% .>"% This population would receive a 2-ml dose for
each vaccination, comprising 40 pg of HBsAg adsorbed on 1 mg
of aluminum hydroxide.

The efficacy of Engerix-B® was made apparent from many
long-term studies. In a 5-y review, where over 13,500 recipients
received the vaccine, excellent results were observed across all
ages. After the 3-dose regimen, there was 99 and 98% seroprotec-
tion in adults and children, with geometric mean anti-HBs titers
(GMT) being 1085 and 4023 mIU/ml, respectively.*” Another
3-dose regimen (0, 1 and 2 mo) study revealed rapid and high
(96%) seroprotection adults; however, GMT anti-HBs titers
after the third immunization were lower than the 0-, 1- and 6-mo
schedule and is thus reserved as a schedule for inducing rapid
protection. Also, an additional immunization at 12 mo for the
0-, 1-, and 2-mo schedule is recommended to ensure more robust
and persistent anti-HBs titers.’

In a clinical trial performed in adolescents 11 to 15 y of age,
it was found that the onset of seroprotective antibody anti-
HB:s titers was slower with the 2-dose schedule (0 and 6 mo) of
Engerix-B® 20 g (11.3% at month 2, 26.4% at month 6) com-
pared with the 3-dose schedule (0, 1 and 6 mo) of Engerix-B®
10 pg (55.8% at month 2, 87.6% at month 6). It was observed
that higher seroprotection rates were reached one month after
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the complete vaccination course with both studied schedules
(96.7% with the 2-dose vs. 98.2% with the 3-dose schedule).
However, geometric mean anti-HBs titers achieved in the study
were 2,739 mIU/mL and 7,238 mIU/mL for 2-dose and 3-dose
schedules respectively. This difference has implications in terms
of the duration of seroprotection, since levels can rapidly decline
one year after complete vaccination, despite anamnestic immune
responses.

According to files from GlaxoSmithKline, Engerix-B® dem-
onstrated other noteworthy results. Females generally serocon-
verted more quickly than males and anti-HBV titers were found
to be higher in females than in males after 3 vaccine doses. The
duration of seroprotection was also demonstrated when rates of
84.4% in the 2-dose group and 94.7% in the 3-dose group were
found at 54 mo post-primary immunization. Other clinical stud-
ies with 20 pg and 10 pg dose for healthy adults and infants
respectively also resulted in seroprotection rates in excess of 94%.

Clinical trials with Engerix-B® to assess safety profile of
residual yeast-associated contaminants revealed no proven yeast
hypersensitive reactions and no changes in specific anti-yeast
antibodies.*** Engerix-B® has been tolerated extremely well by
all ages over the 25 y this vaccine has been available. The most
common side effect was mild pain at the injection site.

Recombivax HB®. Recombivax HB®, licensed in the U.S. in
1986, also known as H-B-Vax® II in Europe and other countries
outside of the U.S., is another non-infectious subunit viral vac-
cine utilizing HBsAg produced by recombinant DNA technol-
ogy in yeast cells. Similar to Engerix-B®, HBsAg is expressed by
its gene from the adw HBV subtype in yeast. Once harvested and
purified (with less than 1% yeast protein), it is co-precipitated
with aluminum sulfate adjuvant. The most common immuniza-
tion schedules include three intramuscular injections at 0, 1 and
6 mo. Those up to 19 y of age are given a dose of 0.5 ml contain-
ing 5 pg of HBsAg and 0.25 mg of aluminum sulfate. Adults 20
y or more are given a 1.0 ml volume containing 10 g of HBsAg
and 0.5 mg of adjuvant. Dialysis patients are given 40 g doses
of HBsAg with the corresponding amount of aluminum sulfate.

Clinical studies have shown that intramuscular administra-
tions of Recombivax HB® have been efficacious for many age
groups. According to files from Merck Research Laboratories,
seroprotection was achieved in 100% of infants, 99% in children
and 99% in adolescents when given the 5 pg 3-dose regimen.
Furthermore, at this dosage, studies suggested that this vaccine
demonstrated a 95% efficacy in preventing chronic hepatitis
B infection for infants born to mothers who were positive for
HBeAg and HBsAg compared with untreated controls.”" Merck
also demonstrated 96% seroprotection in adults and 89% in
adults over 40. In predialysis and dialysis patients, the 40 pg
dose of Recombivax HB® resulted in 86% seroprotection after
the completion of the immunization schedule. Interestingly, the
route of immunization is critical for seroprotection; according to
Merck, if administration was applied to the buttocks or a combi-
nation of buttocks and deltoid, seroprotection dropped to 55%.
The drop in seroprotection rate following injection to buttocks
has also been shown for injection to overweight subjects and for
subcutaneous immunization; it is believed that injection into
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adipose tissue rather than muscle tissue was the main factor for
lower seroprotection.®>*?

Clinical trials have shown that a single dose of HBV vaccines
can adequately induce memory B-cells.* To demonstrate this,
Recombivax HB® was given as 10 pg or 20 pg to two different
groups as two doses, 6 mo apart. After the second dose, both
groups showed 97-99% seroprotection. Two years later, 25% of
the participants receiving 10 ng were no longer seroprotected
(i.e., GMT < 10 mIU/ml). However, a booster immunization
resulted in 100% seroprotection 3—4 weeks after the booster
immunization.®

Like Engerix-B®, Recombivax HB® has been shown to be tol-
erated very well and induce very few side effects.”” There was
some concern about this vaccine after one adolescent developed
multiple sclerosis (MS). However, additional studies failed to
show an association between the vaccine and MS; in 1997, the
WHO declared that the incident was not related to Recombivax
HB® 4

To compare the two commercialized vaccines, a study involv-
ing adolescents was conducted. Each group of Engerix-B® (10 pg)
and Recombivax HB® (5 jug) participants received three injections
according to the recommended dose for adolescent immunization
at 0, 1 and 6 mo.” The GMT reported by the Engerix-B® group
was significantly higher (3691 mIU/ml) than the Recombivax
HB® group (1001 mIU/ml). While there were no differences in
gender or age in the groupings, the lower GMT values in the
Recombivax HB® group are most likely due to the lower amount
of antigen present in the vaccine. More importantly, however, 1
mo after the completion of vaccine regimen, there were no sig-
nificant differences between the rates of seroprotection from both
groups (98% Recombivax HB®, 99% Engerix-B®) or at any point
that was tested for seroprotection during the vaccination sched-
ule. There were also no significant differences in the reports of
side effects from each group that were related to the study. The
most common reports of systemic side effects were fatigue and
headaches. There was one report of severe soreness from the site
of injection from the Recombivax HB® group, but it was resolved
by the end of the follow-up period.

Since infants receive many immunizations early in life and that
the HBV vaccines do not interfere with the immune responses
from other vaccines and vice versa, combination vaccines con-
taining HBsAg exist in order to decrease the number of injec-
tions needed for routine vaccination. These include Comvax®
(HBsAg from Recombivax-HB®, Hemophilus influenza type b)
and Infanrix hexa® [combined diphtheria and tetanus toxoids,
acellular pertussis (DTaP)], HBsAg from Engerix-B®, inactivated
poliomyelitis, adsorbed conjugated Hemophilus influenza type b).
There are also combination vaccines that can be given to travelers
to endemic areas, such as Twinrix (inactivated hepatitis A virus,
HBsAg from Engerix-B®). However, this article will focus on
single-antigen vaccines.

Other commercially available global HBV vaccines. Many
of the other HBV vaccines that have been approved around the
world use similar amounts of HBsAg that have been expressed
and purified from yeast. Also, most of them use alum as the
adjuvant of choice due to its extensive safety record. It should
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be noted that most of these vaccines are interchangeably effec-
tive in promoting seroprotection against HBV.? For the sake of
the awareness of other effective HBV vaccines, some of the more
notable vaccines are discussed here.

Fendrix®. Fendrix®, another GlaxoSmithKline product, was
approved for sale in Europe by the European Commission in
2005. Each 20 pg adult dose of recombinant HBsAg in Fendrix®
is also produced by S. cerevisiae from the same source and percent
purity as Engerix-B® However, Fendrix® is the first vaccine to be
approved with a human adjuvant other than just alum. Fendrix®
uses the adjuvant system ASO4, which consists of aluminum
phosphate (0.5 mg) and monophosphoryl lipid A (MPL, 50 pg).
MPL is derived from the lipopolysaccharide in Gram-negative
bacteria and is one of the more potent stimulators of immune
responses, more so than alum. Thus, due to the higher antibody
anti-HBs titers induced by Fendrix®, its use is particularly tar-
geted to those at high risk for HBV infections, such as dialysis
patients, since they usually have lower immune responses com-
pared with healthy individuals. Fendrix® is administered as four
injections at 0, 1, 2, and 6 mo.” In one major study involving
a single dose of Fendrix® (20 g HBsAg) and a double dose of
Engerix-B® (40 pg), by month 2, seroprotection rates induced by
Fendrix® was 50% compared with 20% for Engerix-B® in dialy-
sis patients. The seroprotection rates increased to 75% and 50%
respectively by month 3. By month 7, even when seroprotection
rates (-85-90%) were nearly similar between the two vaccines,
GMT induced by Fendrix® was 3-fold greater than Engerix-B®.*
Throughout the course of the 42-mo study, seroprotection rates
in hemodialysis patients were consistently higher with Fendrix®
recipients; at the end of the trial, seroprotection in this hypore-
sponsive population was still statistically higher with Fendrix®
(78%) compared with Engerix-B® (52%). With respect to side
effects, there were significantly more reports of site injection pain
using Fendrix® (41% vs. 19% Engerix-B®); however, all of the
events resolved within a 4-d period. There were no differences in
the number of systemic adverse events between the two vaccines.

In other Phase IT and Phase I1I clinical trials involving healthy
adults, Fendrix® was consistently more effective in inducing
100% seroprotection with only two immunizations instead of
three immunizations compared with Engerix-B®.* Moreover,
after just 1 mo during the 6-mo immunization schedules, three
independent studies showed that seroprotection rates and GMTs
were 2- to 3-fold higher in individuals receiving Fendrix® com-
pared with Engerix-B® %2

Hepavax-Gene®. Manufactured by Crucell (formerly Berna
Biotech Korea Corp.), each 1-ml dose of Hepavax-Gene® con-
tains 20 pg of HBsAg adsorbed onto approximately 0.5 mg of
aluminum hydroxide. The HBsAg protein antigen in Hepavax-
Gene® vaccine is expressed by the methylotropic yeast Hansenula
polymorpha. On a 0-, 1-, and 6-mo regimen, seroprotection
in healthy adults was similar to Engerix-B® (99% and 100%,
respectively). However, on a 0-, 1- and 2-mo schedule, Hepavax-
Gene® was found to induce superior seroprotection to Engerix-B®
(94.2% and 86.4%, respectively).”® In infants born to HBsAg
and HBeAg-positive mothers, Hepavax-Gene® was found to be
as effective as Engerix-B® in seroconversion; only 2% of infants
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given Hepavax-Gene® and 3% given Engerix-B® became HBsAg
positive after 2 y of the study.® Any adverse events reported
did not differ from Engerix-B® recipients; the most common
side effects included mild redness, soreness and swelling at the
injection site. These usually subsided within couple of days
post-vaccination.

Bio-Hep-B®. Manufactured by Bio-Technology General® Led.
for sale in Israel, Bio-Hep-B® is currently the only vaccine where
multiple HBV surface antigens are produced by cultivation in
Chinese hamster ovary (CHO) cells instead of yeast. It consists
of 22-nm particles isolated and purified from culture medium.
The particles contain all three epitopes of hepatitis B surface
antigen (HBsAg), namely S, pre-S1 and pre-S2, in their glycosyl-
ated and non-glycosylated forms, embedded in a phospholipid
matrix, thus resembling the authentic plasma HBsAg. The adult
dose of 10 pg of antigen is formulated by adsorption onto alumi-
num hydroxide in a final volume of 1 ml. The final preparation is
virtually free of DNA and contains less than 3% protein contam-
inants. Clinical trials have shown in comparison to Engerix-B®,
Bio-Hep-B® induced more seroprotection (85% and 98%,
respectively) after the three dose regimen at 0, 1, and 6 mo.”
Interestingly, the rapid onset of antibody responses induced by
Bio-Hep-B® showed 66.5% seroconversion compared with just
19.3% by Engerix-B® in sera 1 mo after the first immunization,
reflecting immunopotency of Bio-Hep-B® over Engerix-B®, in
terms of dose sparing (10 pg and 20 pg HBsAg, respectively).”®
In neonates, these differences are even more pronounced; after
just one immunization, infants receiving Bio-Hep-B® had 54%
seroprotection, while Engerix-B® recipients only demonstrated
7% seroprotection.”” In all clinical trials involving Bio-Hep-B®
and Engerix-B®, both vaccines demonstrated safety and are well
tolerated.

The Product: HEPLISAV™

Though alum is the most widely used adjuvant in humans, due
to its extensive safety record, it has a strong bias toward Th2
antibody-mediated responses; it induces minimal Thl cell-
mediated immunity and often requires multiple booster immu-

38-60 Most HBV commercial vaccines use yeast-derived

nizations.
recombinant HBsAg adsorbed to alum (aluminum hydroxide or
aluminum phosphate) as adjuvants. Most current vaccines are
limited in that (1) immune responses are reduced in adules 40
y of age and older; (2) percent seroprotection is also reduced in
dialysis patients, smokers, or the obese; (3) the time to achieve
seroprotection is prolonged (e.g., 6—12 mo);*® and (4) seroprotec-
tion requires compliance to a 3- or 4-dose injection regimen. The
latter two points are particularly problematic for individuals who
are in high-risk environments. This includes health care workers,
travelers, patients on dialysis, injected drug users or those who
may be less compliant to follow a prolonged immunization regi-
men such as adolescents. While different immunization sched-
ules are available, such as three immunizations in three weeks,
or 2-dose schedules, optimal seroprotection is not achieved, and
ultimately, another booster administration is still required 4-6
mo post primary immunization.”
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Dynavax Technologies has been developing a very promising
HBV vaccine candidate that has completed Phase III clinical tri-
0162 Recombinant HBsAg is expressed in the methylotrophic
yeast H. polymorpha.*® Briefly, this yeast strain is stably trans-

als

formed with expression vectors that are under the control of
promoters from methanol oxidase (MOX) and formate dehydro-
genase (FMD). Upon induction of HBsAg expression with meth-
anol, the yeast is harvested and homogenized with glass beads
where the supernatant is collected and purified through a series
of steps that include cesium chloride density gradient separation,
size-exclusion chromatography and sterile filtration.®® HBsAg
purity is > 95%), which is the standard limit as recommended by
the WHO. Other impurities, according to U.S. Patent 6428984,
were well under the WHO and European Pharmacopoeia recom-
mended limits, including residual DNA content (< 10 pg/dose,
where dose is 20 pg of HBsAg), cesium content (< 10 pg/dose)
and endotoxin levels (< 100 endotoxin units). The key differ-
ence in this vaccine is the use of synthetic immunostimulatory
sequences (ISS) as adjuvants instead of alum currently used in
marketed vaccines. ISS are cytosine phosphoguanosine (CpG)
motifs that have bacterial DNA origin and have stimulatory
effects on the immune system.*® The CpG motifs stimulate the
innate immune system through Toll-like receptor-9 (TLR-9),
which results in efficacious immunological effects, such as the
production of IL-12, IL-18, and IFN-y from macrophages and
natural killer (NK) cells, promoting Thl responses for both pro-
tein and DNA-derived vaccines.”* They have also been shown to
be involved with antibody production and B cell proliferation.®"°
The 1018 ISS from Dynavax is a 22-mer, 7.15 kDa phosphoro-
thioate oligodeoxyribonucleotide (sequence 5“TGACTGTGAA
CGTTCGAGAT GA-3') that has shown to be active in vitro and
in vivo in many species, including humans.”!

Preclinical studies. In addition to a variety of animal species
(mice, rabbits and dogs), 1018 ISS was also shown to enhance
protective immune response against HBV in non-human pri-
mates (e.g., baboons and monkeys).”? Other primate studies
showed that 80% of immunized primates demonstrated sero-
protection after single immunization of HBsAg and 1018 ISS,
compared with only 20% with those immunized without 1018
ISS. This was followed by another study showing that despite
achieving seroprotection after one immunization, a third injec-
tion resulted in 3- to 50-fold higher antibody-specific anti-HBs
titers compared with those induced with HBsAg alone.” Finally,
anti-HBs titers were on average, nearly 45-fold greater than the
same administration of HBsAg, but with alum as the adjuvant.”?
These results provided an excellent basis for support into clinical
trials.

Phase I studies. The first Phase I study examined the effi-
cacy of various doses of 1018 ISS and their safety profiles. In
this study, all products were stored at < ~60°C and used within
8 h of thawing. The formulation was diluted in phosphate-
buffered saline until the desire concentrations were achieved.
Formulations included 20 g of recombinant HBsAg and one of
300, 650, 1000, or 3000 pg of 1018 ISS.™ Forty-cight individu-
als, aged 18-55, were recruited to the study and were placed into
four study groups of 12 each where each dosage of 1018 ISS was
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examined. In a 2:2:8 ratio, participants received HBsAg, 1018
ISS, or the combination of the two, respectively. Two doses of
each vaccine were given 2 mo apart.

The vaccine was tolerated in all groups except for one partici-
pant from the HBsAg + 1,000 g 1018 ISS group, who developed
swelling, muscle pain, shortness of breath, dizziness, fatigue and
erythema after only one immunization. The most commonly
reported injection site adverse events such as pain and tenderness,
increased as the dosage of ISS increased. The second immuniza-
tion did not increase the number of adverse events. All symptoms
were resolved without medical intervention within 24 h except
myalgia, which resolved in 3 d post immunization.

Most individuals (14/16) who received the HBsAg and 1,000
or 3,000 g of 1018 ISS demonstrated seroprotection after 1 mo
post-initial immunization. This proportion became 100% for
individuals receiving 650, 1,000 or 3,000 g of ISS as soon as
one week after the final booster immunization (9 weeks post-
initial immunization) where geometric mean anti-HBs titers
(GMT) were 82, 316 and 1,429 mIU/ml, respectively (p < 0.001
compared with ISS or HBsAg alone). GMT further increased 4
weeks after the second immunization where anti-HBs titers were
878, 1,545 and 3,045 mIU/ml (p < 0.001 compared with ISS
or HBsAg alone). Furthermore, 100% seroprotection in these
participants persisted 4 mo after the booster immunization.
Participants who only received HBsAg did not achieve seropro-
tective anti-HBs titers at any point during the study. Since 3 mg
of 1018 ISS was found to be most effective dose in enhancing the
magnitude of the immune responses specifically against HBV,
this adjuvant dosage (molar ratio 500:1, ISS:HBsAg) has been
used in all subsequent trials.

Another Phase I study investigated whether the amount of
time in between HEPLISAV™ immunizations could be reduced,
since high-risk groups such as health care workers would benefit
from more rapid seroprotection.®® Forty-one participants were
enrolled in this study, where 18 were given an immunization regi-
men of 0 and 4 weeks, while 23 were schedule for 0 and 8 weeks.
As early as 8 weeks, the 0—4 weeks study group (4 weeks after
second injection) had 94% seroprotection (GMT 244 mIU/ml),
while the 0-8 weeks study group exhibited 70% seroprotection
(from only one injection, GMT 16 mIU/ml, p < 0.001). At 12
weeks, both groups had achieved seroprotection; this percentage
was maintained for the balance of the 32-week study where GMT
anti-HBs titers were still at 439 and 864 mIU/ml (p = 0.038)
for the 0—4 week and 0-8 week study group, respectively. These
results suggest that a more rapid immunization schedule could
effectively provide early seroprotection levels, thereby possibly
improving compliance and convenience. Adverse events (pain at
injection site, myalgia, malaise and fatigue) were reported with
similar frequency regardless of immunization schedule; no seri-
ous adverse events were reported.

Phase II studies. Two Phase II clinical trials further exem-
plified HEPLISAV™’s superiority in providing effective HBV
seroprotection. Each study evaluated the vaccine in different age
groups: 18- to 28-y-old adults”® and adults aged 40-70 y.”®

The former was an observer-blind study of 99 participants;
51 were to receive Engerix-B (20 pg of HBsAg adsorbed to
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0.5 mg of aluminum hydroxide adjuvant in 1 ml dose) vacci-
nations at 0, 8 and 24 weeks while 48 received two doses of
HEPLISAV™ (20 pg of HBsAg mixed to 3 mg of 1018 ISS in
0.5 ml dose) at 0 and 8 weeks, while receiving a third dose at 24
weeks of a quadrivalent meningococcal vaccine to maintain the
observer-blindness. Four weeks after the priming dose, 79% of
HEPLISAV™ and 12% of Engerix-B® recipients achieved sero-
protection (GMT 23 and 2 mIU/ml, respectively, p < 0.001).
One week after the second immunization, protective levels
were 100% (GMT 1,603 mIU/ml) and 18% (GMT 2 mIU/
ml), respectively (p < 0.001 between GMT values), demon-
strating the superior magnitude of antibody responses elicited
by HEPLISAV™., Four weeks post-second immunization, par-
ticipants receiving HEPLISAV™ were still fully seroprotected
with GMT of 2,074 mIU/ml, while the other group receiving
Engerix-B® showed 64% protection at 32 mIU/ml GMT (p
< 0.001 between GMT values). Engerix-B® recipients did not
achieve similar seroprotection rates until one month after the
third dose at 24 weeks, while those who received HEPLISAV ™
maintained 100% seroprotection without a third dose. After 1
y post-second immunization, seroprotection remained at 100%
for HEPLISAV™ and 89.6% for Engerix-B® recipients. These
results for HEPLISAV™ were encouraging since HBV sero-
protection could be achieved with one less dose, and the time
required for seroprotection reduced from 7 to 2 mo, while main-
taining a similar safety profile as Engerix-B®.

In the same study, while there were increased reports of mild
injection pain for recipients of HEPLISAV™, the rates of adverse
events did not differ after each immunization. Also, the number
of systemic adverse events between the vaccine groups was found
to be insignificant; no serious adverse events related to the study
vaccines were reported.

Of particular interest is the study of the older adult group
(40-70 y), since they are often more immuno-hyporesponsive
than younger adults. This group included 409 eligible, exclu-
sively Asian participants; overweight individuals and smokers
were also included. Two principal groups received three doses
of HEPLISAV™ or Engerix-B®. However, the regimen for
HEPLISAV™ was 0, 2, and 6 mo, while Engerix-B® was 0,
1, and 6 mo, somewhat limiting a proper comparison of their
activities. Regardless, those receiving HEPLISAV™ showed a
much higher magnitude of antibody anti-HBs titers compared
with Engerix-B® users after 12 weeks (GMT 256 mIU/ml and
6 mIU/ml, p < 0.001) post-priming injection while demonstrat-
ing seroprotection rates of 96.6% and 24%, respectively. Four
weeks after the final immunization (28 weeks), protective anti-
HBs titers were 100% in participants receiving HEPLISAV™
(GMT 1698 mIU/ml) compared with 73.1% in patients receiv-
ing Engerix-B® (GMT 569 mIU/ml). After 50 weeks of the
study, seroprotection was maintained at 100% in HEPLISAV™
recipients, while reduced to 68.6% for participants receiving
Engerix-B®. When divided into 40-55 and 56-70 age groups,
complete seroprotection was maintained across both groups
with HEPLISAV™, while Engerix-B® recipients demonstrated
rates of 73 and 51%, respectively. Essentially, while 96.6% sero-
protection was achieved 4 weeks post-secondary immunization
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(28 weeks), such levels were not attained throughout the three
Engerix-B® immunizations (50 weeks), providing strong evi-
dence that HEPLISAV™ can achieve more rapid seroprotection
with fewer immunizations than currently available vaccines, even
in a less immune-responsive population such as older adults.

In the above study, the HEPLISAV™ group reported more
mild/moderate injection site-pain after the second immunization
than Engerix-B® (23.4% vs. 13%, respectively). One severe case
on injection-site related pain was reported for Engerix-B® but was
resolved within a day. Redness and swelling did not differ signifi-
cantly between all injections for both groups. Systemic reactions
such as headaches, fatigue and malaise were generally similar
between each group except for the second injection, where more
reports were recorded with Engerix-B® recipients (21%) than
HEPLISAV™ (13.9%). Overall, most of the adverse effects
were reported after the second immunization compared with the
priming injection, regardless of the vaccine group.

In another Phase II study, in an attempt to facilitate rapid
seroprotection in hemodialysis patients in the 40- to 70-y age
group, studies showed that 100% seroprotection was achieved
20 weeks after two immunizations of HEPLISAV™, regardless
of a regular (20 wg HBsAg; 3 mg 1018 ISS) or double (40 g
HBsAg; 6 mg 1018 ISS) dose of HEPLISAV™.”” Each dose was
given at 0, 4, and 24 weeks. However, this study was voluntarily
discontinued before the third immunization due to a concur-
rent HEPLISAV™ study where a case of possible autoimmune
response occurred.

Phase III studies. A Phase III trial testing the safety and
immunogenicity of HEPLISAV™ in two relatively rapid doses
(0 and 1 mo, with a placebo saline injection at 6 mo) was com-
pared with the standard regimen of three Engerix-B® vaccina-
tions (0, 1 and 6 mo).®* This multi-center, observer-blinded study
randomized 2,415 patients in a 3:1 ratio of HEPLISAV™ and
Engerix-B® recipients, respectively. At all time points during this
study, seroprotection by HEPLISAV™ was statistically superior
to Engerix-B®. At 8 weeks, seroprotection was 88.5% and 26.4%,
respectively; at 24 weeks, 98.3 and 32.4%, and at 28 weeks, 97.9
and 81.1%. Upon completion of both injection schedules, sero-
protection after two doses of HEPLISAV™ was 95% (12 weeks
post-priming immunization) while the three doses of Engerix-B®
resulted in 81% seroprotection (28 weeks post immunization).
Differences in seroprotection was even greater in older adults
(age 40-55), where the rates were 92% and 75%, respectively,
after both HEPLISAV™ and Engerix-B® participants received
the complete scheduled immunization dosage. However, by the
conclusion of the study (28 weeks), the GMT was higher in
younger adults (age 18-39) than the older adults (age 40-55) by
2-fold in HEPLISAV™ and 3-fold in Engerix-B® recipients. It
was only at week 28 of the study that seroprotection rates elicited
by Engerix-B® (4 weeks after last immunization) were statisti-
cally similar to HEPLISAV™ (24 weeks after last immuniza-
tion), even though seroprotection by the latter was achieved as
early as 8 weeks. While analysis of long-term protective effects
(e.g., 1-y study) would have been ideal to evaluate the efficacy of
both vaccines, these results strongly suggest that HEPLISAV™
may be ideal for not only the general population who need HBV
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vaccination, but particularly for the hyporesponsive populations
that thus far, have been unable to achieve seroprotection rates
similar to younger, healthy adults.

Generally, both vaccines were well tolerated by the par-
ticipants. There were more reports of pain at the injection site
after the first injection of HEPLISAV™ (39%) compared with
Engerix-B® (34%); however, these reports progressively declined
in number after subsequent immunizations. Other local adverse
events such as swelling and erythema were low in frequency (less
than 5%). There were no other significant differences in systemic
adverse effects such as headache, malaise or fatigue between
vaccine groups or between HEPLISAV™ and saline placebo
injection.

Since sample numbersare often relatively small in clinical trials,
itis possible that any vaccine candidate, including HEPLISAV™,
may induce autoimmune responses.”” Interestingly, an individual
was excused from the study after developing Guillain-Barré syn-
drome 110 d after the second HEPLISAV™ dose.®?> However,
it was discovered that the same individual also had received an
influenza vaccine 5 d prior to the diagnosis of Guillain-Barré
syndrome. With medication, there was improvement in the
patient’s condition. It was determined by the investigator that
while severe, this case was not related to the study, but from
the influenza vaccine; the subject did not continue in the study.
Another participant who received two doses of HEPLISAV™
developed inflammation of the blood vessels (Wegener’s granulo-
matosis), and one recipient who received Engerix-B® also experi-
enced systemic vasculitis after the second dose.®> The single case
of granulomatosis with the HEPLISAV™ group resulted in the
early termination of the aforementioned Phase II trial compar-
ing single and double dose of HEPLISAV™.”” Upon further
review of the autoimmune markers studied in the Phase III trial
[antinuclear antibodies (ANA) and anti-double-stranded DNA
(anti-ds-DNA)], there were no significant changes of ANA or
anti-ds-DNA between recipients who received either vaccine.
Consequently, the U.S. Food and Drug Administration permit-
ted further development of HEPLISAV™. A summary of these
clinical trials are summarized in Table 1. An overview of the abil-
ity of HEPLISAV™ to induce seroprotection as a function of
time is summarized in Table 2.

Commercial and Public Health Issues

Since 1018 ISS is a TLR-9 agonist, Coley Pharmaceutical Group
challenged Dynavax in its development of HEPLISAV™, as
Coley has a patent estate on TLR-9 technology. However, in
2007, the two companies reached a licensing agreement with
Dynavax being able to commercialize and market HEPLISAV™
as a prophylactic hepatitis B vaccine through a non-exclusive
license under Coley’s immunostimulatory oligonucleotide patent
estate. In return, Coley received a $5 million up-front payment,
a potential for up to another $5 million once HEPLISAV™
acquires regulatory approval and royalty payments from future
sales of HEPLISAV™,

Development of HEPLISAV™ was halted by the FDA
from the one incidence each of Wegener’s granulomatosis and
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Table 1. Summary of HEPLISAV clinical trials

Phase
|

Description

+ 48 healthy adults aged
18-55 with no prior
exposure to HBV or vac-
cines and had negative
tests for HBsAg and its
antibodies

+ 41 healthy adults aged
18-39

+ 99 healthy adults
aged 18-28 to compare
HEPLISAV with compara-
tor Engerix-B, observer-

blinded

+ 409 healthy adults
aged 40-70 from Korea,
Philippines, Singapore to
compare HEPLISAV and

Engerix-B

- 41 participants aged
40-70 y with end-stage
renal disease, 15 were on
dialysis

Dosage/regimen
- 4 equal groups of 12

«in one group, in a 2:2:8 ratio,
individuals given 20 g of
HBsAg, 300 g of ISS or 20 g
of HBsAg + 300 g of HBsAg,
respectively

- other three groups received
similar formulations except
for increasing ISS amounts

(650, 1000 and 3000 p.g)

« 2 doses, 0 and 2 mo

« 2 groups that are given 2

doses on 2 different sched-
ules; each receiving either

HBsAg + 3 mg ISS at 0 and 4
weeks, or 0 and 8 weeks

- 2 random groups given
HEPLISAV (2 doses given 0
and 8 weeks) or Engerix-B

(3 doses given at 0, 8 and 24
weeks)

« 2 random groups who
receive three injections of
either HEPLISAV (0, 8 and 24
weeks) or Engerix-B (0, 4 and
24 weeks)

- placebo injection given at
4 weeks for HEPLISAV recipi-
ents, 8 weeks for Engerix-B

- 2 groups were given three
injections of HEPLISAV at 0, 4
and 24 weeks

- each group given a single
dose (20 pg HBsAg, 3 mg
ISS) or a double dose (40 png
HBsAg, 6 mg ISS)

Results Safety profile Reference
+ 100% seroprotection in - mild tenderness at injection site 74
groups receiving HBsAg + 650,  more frequently reported with
1000 or 3000 g ISS as soon HBsAg + 1,000 or 3,000 g ISS
as7 d after second injection (9 jpjection site adverse events
weeks after priming injection) did not increase with second
injection
» motion pain with
HBsAg + 3,000 g group
- all short and
self-limiting duration
+ 100% seroprotection in both - no significant differences 61
groups as soon as 12 weeks in reports of adverse events
after priming injection between the two groups
- 100% seroprotection in - no serious adverse effects 75
HEPLISAV recipients after 9 deemed as related to the study
weeks post priming injection, vaccines
18% with Engerix-B recipients - more mild injection site pain
- equivalent seroprotection by associated with HEPLISAV
Engerix-B not ac'hieye.d ”f"t“ - no differences in systemic
28 weeks after first injection adverse events between groups
- fewer HEPLISAV injections
need to get more rapid sero-
protection
- seroprotection at 96.6% at « injection-site pain more preva- 76
12 weeks after first HEPLISAV  lent after second HEPLISAV injec-
injection, 24% seroprotection tion compared with Engerix-B
for Engerix-B users - systemic adverse effects
- at 28 weeks, seroprotection (headache) reported more after
from HEPLISAV and Engerix-B second Engerix-B injection com-
users are significantly different pared with HEPLISAV
(100% vs. 73.1%, respectively) ., cerious adverse events were not
deemed related
to study vaccines
. at 24 weeks, after the first -single dose had 3- to 5-fold 77

injection, 100% seroprotection
in both groups

- at 12 weeks, double dose
recipients showed higher
seroprotection than single
dose (74 vs. 43%)

- seroprotection can also be

achieved in hyporesponsive
populations

fewer general reactions com-
pared with the double dose

Guillain-Barré syndrome;** however, the hold was lifted since
in the former case, there were no differences in autoimmune
markers between HEPLISAV™ and the commercially-available
Engerix-B®, and that in the latter, the investigator determined that
the syndrome development was not related to the study. Seven
other reported events from the application of HEPLISAV™ that
were deemed as potentially autoimmune included hypothyroidism,
Bell’s palsy, erythema nodosum and vitiligo. Despite the efficacy
of HEPLISAV™, an FDA Advisory Committee determined that
there was insufficient data to support its safety record. Factors such
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as the limited follow-up periods, that the safety profile of 1018 ISS
is limited only to the HEPLISAV™ product and that this prod-
uct has potential to cause autoimmunity were some of the reasons
given by the FDA. It was also determined that the pre-licensure
safety database for HEPLISAV™ may not be sufficient to detect
rare adverse events for the sample size from the Phase III trial.”®
As such, recommendations include post-marketing evaluation of
HEPLISAV™ in a larger sample population for a longer dura-
tion of study (e.g., 1 y). Indeed, in late February 2013, a Complete
Response Letter from the FDA stated that Dynavax’s application
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Table 1. Summary of HEPLISAV clinical trials (continued)

Phase Description Dosage/regimen Results Safety profile Reference
1] + 2415 healthy adults - randomized into two - at 8 weeks after the initial « both vaccines tolerated well 62
aged 18-55 groupsina 3:1 rétio injections, seroprgtection . slightly more reports of injec-
(HEPLISAV:Engerix-B) for HEPLISAV recipients V\./as tion site pains in HEPLISAV group
. age stratification of 11-39 88.5% vs. 26.4% for Engerix-B 1,5 Engerix-B (39 vs. 34%), less
and 40-55 UEEs reports with subsequent injec-
- HEPLISAV recipients given - at 24 weeks, seroprotection tions for both vaccines
two injections at 0 and 4 rates were 98.3 and 32.4%, - no differences in systemic
weeks respectively adverse events between groups
- Engerix-B recipients given ‘3t 28 V\'/e.eks,'4 weeks aftgr the . oneincidence of Wegener's
three injections at 0, 4 and third Iection of Engerix-B, 5 anulomatosis and Guillai-Barre
24 weeks seroprotection rates were 97.9  syndrome in the HEPLISAV group,
vs. 81.1%, respectively deemed unrelated to the vaccine
- in the older adult group, - 7 possible reports of autoim-
after comple.tlf)n (?f the entire munity include hypothyroidism,
scheduled injections, sero- Bell’s palsy, erythema nodosum,
protection was still higher vitiligo
in HEPLISAV recipients (92%
after 12 weeks) compared with
Engerix-B (75% after 28 weeks)
Table 2. Summary of seroprotection rates in HEPLISAV clinical trials
Clinical phase (description Seroprotection rate (%) (=10 miU/ml)
of clinical trial) 4 weeks 8 weeks 9 weeks 12 weeks 20 weeks 24 weeks 28 weeks =30 weeks
| (ISS dose range study) 38* (650 pg) 100** 100** 100%*
100* (1,000 p.g) 100%* 100%* 100%*
87* (3,000 p.g) 100** 100** 100%*
| (time between immuniza- 94** (0-4 weeks) 100** 100%*
tions with 3 mg ISS) 70* (0-8 weeks) 100%* 100%*
Il (ages 18-28'y) 79*% (ISS) 75*% 100** 100** 100** 100**
12* (Eng) 4* 18%* 64** 290%*** >95%**
Il (@ges 40-70y) 14* (ISS) 24** 97** 100%** 100***
Il (single vs. double dose) 100** (single)
100** (double)
Il (two ISS doses vs. three 24* (ISS) 89%* 95%* 98** 98**
Eng doses) 4 *(Eng) 26%* 3% gx**
ISS, HEPLISAV; Eng, Engerix-B; number of asterisks indicate number of immunizations that induced seroprotection.
for the use of HEPLISAV™ for the 1870 age group would not be Conclusions

approved without additional safety evaluations. Since CpG adju-
vants have yet to be approved for human vaccines, there are still
concerns about the possibility of the induction of rare autoimmune
events. It is possible that Dynavax may eventually conduct addi-
tional safety studies; currently, however, the company has indicated
their desire to work with the FDA to get HEPLISAV™ approved
for more focused populations, such as older adults aged 40-70,
or individuals with chronic kidney disease, who would stand to
benefit more from HEPLISAV™. The FDA has also requested
additional information pertaining to quality control on manufac-
turing and validation of HEPLISAV™ production. Another Phase
I study (NCT01005407) to demonstrate lot-to-lot consistency
among individuals aged 4070 is currently ongoing.

www.landesbioscience.com

The mechanism of 1018 ISS and how it exerts its adjuvant
effect with HBsAg is not well described. Some studies have
shown that when CpG is added to HBsAg and alum, it is pos-
sible that the specific antibody responses against HBsAg are a
result of enhanced late affinity maturation.”” Indeed, clinical
studies have shown that addition of CpG 7909 to Engerix-B® to
healthy adults induced seroprotection and enhanced cytotoxic
T-cell immune responses as soon as two weeks after the prim-
ing immunization, despite reports of more mild-moderate side
effects.®* When CpG and Engerix-B® was given to HIV patients,
there was enhanced seroprotection (100%) 10 mo after the final
immunization compared with recipients who received only
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Engerix-B® (63%).5" While 1018 ISS likely mediates its adju-
vant effect through TLR-9, it will be important to determine
how it does this with HBsAg in the future. Nonetheless, these
results support the future use of CpG in human vaccine formu-
lations, after extensive safety studies due to its potency. Upon
approval, HEPLISAV™ would represent the first licensure of a
CpG adjuvant, as a novel class of adjuvants for human vaccines
and immunotherapeutics.

Current vaccine strategies that use HBsAg as the antigen in
the formulations, including HEPLISAV™, may have some dis-
advantages. HBsAg from HBV is prone to random mutations,
and thus constant monitoring is required to ensure that current
vaccines remain effective. One mutant, GI145R, abrogated the
immunogenic “a” antigenic determinant and impaired surface
antigen secretion.*”*" As a result, this mutant escaped B cell
immune responses and resulted in infection. Interestingly, chim-
panzee studies demonstrated that the HBV vaccines licensed in
the US were able to confer broad protection in vivo against the
GI145R mutant.®> However, this may not be the case with other
mutants and those in the future; “vaccine escape mutants” have
also been described at the T-cell level.®® As a result, while it may
not be necessary to change vaccine formulations or strategies for
every mutant that is discovered, it is imperative to continue epi-
demiological surveillance for HBV mutants to ensure the efficacy
of the current vaccines.

A vaccine that is able to elicit seroprotection against HBV
with fewer immunizations and in more rapid succession, par-
ticularly among immunologically hyporesponsive populations
is ideal to reduce the morbidity and mortality of chronic HBV
infections effectively. The use of 1018 ISS in HEPLISAV™ as
an adjuvant and with its inherent immunological Thl proper-
ties may have satisfied these needs. As such, HEPLISAV™ has
shown great promise in terms of immunogenicity, and has shown

to be as safe as current vaccines on the market. HEPLISAV™
may trigger a new generation of human vaccines that do not use
alum as the traditional adjuvant. It will be important to closely
monitor individuals who receive HEPLISAV™ over a period of
time to ensure that any autoimmune responses/adverse events are
monitored and managed safely, particularly since 1018 ISS does
not have the safety track record that alum does. The dosage of
1018 ISS in the majority of clinical trials was 3 mg. It would be
interesting to examine whether a reduced dose of adjuvant such
as 1 mg, which still showed great potency in Phase I trials, could
mitigate the adverse events that have been reported so far. Given
that the FDA has not approved HEPLISAV™ without further
safety evaluation due to their concerns for autoimmune events,
this is perhaps one option that may be considered. Certainly,
at this point in its development and the costs associated with
additional studies as a New Product in its own right, this option
may be difficult to explore. Other methods of vaccine targeting
should also be explored in hopes of generating specific immune
responses where they are needed the most.

Notwithstanding, the decision of the FDA should not be a
deterrent for future development of HBV vaccines, in particular,
the use of novel but effective adjuvants. Adjuvants such as 1018
ISS are absolutely needed in the search for improved vaccine for-
mulations. Since the inclusion of 1018 ISS enabled a reduction in
the number of immunizations and provided more rapid seropro-
tection (Table 2), they are two great reasons why HEPLISAV™
should be a strong candidate for licensure; however, efficacy and
safety are both important and future clinical trials need to be
designed with this in mind, a major hurdle considering that there
are already approved vaccines with strong safety records.

Disclosure of Potential Conflicts of Interest

FDM was an author of reference 62.

References

World Health Organization. Hepatitis B: Fact Sheet
No. 204. Vaccine 2012; 30:3061-7.

9. Rehermann B, Nascimbeni M. Immunology of hepa- 16.

titis B virus and hepatitis C virus infection. Nat Rev
Immunol 2005; 5:215-29; PMID:15738952; http://

Crossley KB, Gerding DN, Petzel RA. Acceptance
of hepatitis B vaccine by hospital personnel. Infect
Control 1985; 6:147-9; PMID:3157659

dx.doi.org/10.1038/nri1573 17. Huang K, Lin S. Nationwide vaccination: a success
Falade-Nwulia O, Seaberg EC, Rinaldo CR, Badri S, 10. Wieland SE Chisari FV. Stealth and cunning: hepatitis story in Taiwan. Vaccine 2000; 18(Suppl 1):535-8;
Wite M, Thio CL. Comparative risk of liver-related B and hepatitis C viruses. ] Virol 2005; 79:9369- PMID:10683542; hrtp://dx.doi.org/10.1016/S0264-
mortality from chronic heparitis B versus chronic hepa- 80; PMID:16014900; http://dx.doi.org/10.1128/ 410X(99)00460-0
titis C virus infection. Clin Infect Dis 2012; 55:507- JV1L.79.15.9369-9380.2005 18. Lee C, Gong Y, Brok ], Boxall EH, Gluud C. Hepatitis
13; PMID:22523269; http://dx.doi.org/10.1093/cid/ 11. Webster GJ, Reignat S, Maini MK, Whalley SA, Ogg B immunisation for newborn infants of hepatitis B
cis432 GS, King A, et al. Incubation phase of acute hepatitis surface antigen-positive mothers. Cochrane Database
World Health Organization. Hepatitis B vaccines. Wkly B in man: dynamic of cellular immune mechanisms. Syst Rev 2006; CD004790; PMID:16625613
Epidemiol Rec 2009; 84:405-19; PMID:19817017 Hepatology 20005 32:1117-24; PMID:11050064; 19, Ni YH, Chang MH, Huang LM, Chen HL, Hsu HY,
Nassal M. Hepatitis B virus replication: novel roles http://dx.doi.org/10.1053/jhep.2000.19324 Chiu TY, et al. Hepatitis B virus infection in children
for virus-host interactions. Intervirology 1999; 12. Penna A, Artini M, Cavalli A, Levrero M, Bertoletti and adolescents in a hyperendemic area: 15 years
42:100-16; PMID:10516465; heep://dx.doi. A, Pilli M, et al. Long-lasting memory T cell responses after mass hepatitis B vaccination. Ann Intern Med
0rg/10.1159/000024970 following self-limited acute hepatitis B. J Clin Invest 2001; 135:796-800; PMID:11694104; http://dx.doi.
Hollinger FB, Liang TJ. Hepatitis B virus. 2001; 2971- 1996; 98:1185-94; PMID:8787682; http://dx.doi. org/10.7326/0003-4819-135-9-200111060-00009
3036. org/10.1172/JCI118902 20. Seeff LB, Wright EC, Zimmerman H]J, Alter HJ, Dietz
Pan J, Lian Z, Wallett S, Feitelson MA. The hepatitis 13. Thimme R, Wieland S, Steiger C, Ghrayeb J, Reimann AA, Felsher BE et al. Type B hepatitis after needle-
B x antigen effector, URG7, blocks tumour necrosis KA, Purcell RH, et al. CD8(+) T cells mediate viral stick exposure: prevention with hepatitis B immune
factor alpha-mediated apoptosis by activation of phos- clearance and disease pathogenesis during acute globulin. Final report of the Veterans Administration
phoinositol 3-kinase and beta-catenin. ] Gen Virol hepatitis B virus infection. ] Virol 2003; 77:68- Cooperative Study. Ann Intern Med 1978; 88:285-
2007; 88:3275-85; PMID:18024896; http://dx.doi. 76; PMID:12477811; http://dx.doi.org/10.1128/ 93; PMID:343678; http://dx.doi.org/10.7326/0003-
0rg/10.1099/vir.0.83214-0 JV1.77.1.68-76.2003 4819-88-3-285
Chisari FV. Cyrtotoxic T cells and viral hepatitis. ]~ 14. Baumert TF, Thimme R, von Weizsicker F Pathogenesis ~ 21. Francis DB, Hadler SC, Thompson SE, Maynard JE,
Clin Invest 1997; 99:1472-7; PMID:9119989; http:// of hepatitis B virus infection. World J Gastroenterol Ostrow DG, Altman N, et al. The prevention of hepati-
dx.doi.org/10.1172/JCI119308 2007; 13:82-90; PMID:17206757 tis B with vaccine. Report of the centers for disease con-
Wieland S, Thimme R, Purcell RH, Chisari FV. 15.  Szmuness W, Stevens CE, Zang FA, Harley EJ, Kellner trol multi-center efficacy trial among homosexual men.

Genomic analysis of the host response to hepati-
tis B virus infection. Proc Natl Acad Sci U S A
2004; 101:6669-74; PMID:15100412; http://dx.doi.
org/10.1073/pnas.0401771101

1670

A. A controlled clinical trial of the efficacy of the
hepatitis B vaccine (Heptavax B): a final report.
Hepatology 1981; 1:377-85; PMID:7030902; http://
dx.doi.org/10.1002/hep.1840010502

Human Vaccines & Immunotherapeutics

Ann Intern Med 1982; 97:362-6; PMID:68107306;
http://dx.doi.org/10.7326/0003-4819-97-3-362

Volume 9 Issue 8

Do not distribute.

I0Science.

©2013 Landes B



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bialek SR, Bower WA, Novak R, Helgenberger L,
Auerbach SB, Williams IT, et al. Persistence of protec-
tion against hepatitis B virus infection among adoles-
cents vaccinated with recombinant hepatitis B vaccine
beginning at birth: a 15-year follow-up study. Pediatr
Infect Dis J 2008; 27:881-5; PMID:18756185; http://
dx.doi.org/10.1097/INE0b013¢31817702ba

Floreani A, Baldo V, Cristofoletti M, Renzulli G, Valeri
A, Zanetti C, et al. Long-term persistence of anti-HBs
after vaccination against HBV: an 18 year experience
in health care workers. Vaccine 2004; 22:607-10;
PMID:14741151; http://dx.doi.org/10.1016/j.vac-
cine.2003.09.001

Jack AD, Hall AJ, Maine N, Mendy M, Whittle HC.
What level of hepatitis B antibody is protective? J Infect
Dis 1999; 179:489-92; PMID:9878036; http://dx.doi.
0rg/10.1086/314578

Banatvala JE, Van Damme P. Hepatitis B vaccine
-- do we need boosters? ] Viral Hepat 2003; 10:1-6;
PMID:12558904; http://dx.doi.org/10.1046/j.1365-
2893.2003.00400.x

Yuen ME Lim WL, Chan AO, Wong DK, Sum S8, Lai
CL. 18-year follow-up study of a prospective random-
ized trial of hepatitis B vaccinations without booster
doses in children. Clin Gastroenterol Hepatol 2004;
2:941-5; PMID:15476159; http://dx.doi.org/10.1016/
S1542-3565(04)00384-2

André FE. Summary of safety and efficacy data on a
yeast-derived hepatitis B vaccine. Am J Med 1989;
87(3A):14S-20S; PMID:2528292;  http://dx.doi.
0rg/10.1016/0002-9343(89)90525-1

Mast EE, Weinbaum CM, Fiore AE, Alter MJ, Bell B,
Finelli L, et al.; Advisory Committee on Immunization
Practices (ACIP) Centers for Disease Control and
Prevention (CDC). A comprehensive immunization
strategy to eliminate transmission of hepatitis B virus
infection in the United States: recommendations of
the Advisory Committee on Immunization Practices
(ACIP) Part II: immunization of adults. MMWR
Recomm Rep 2006; 55(RR-16):1-33, quiz CE1-4;
PMID:17159833

Cassidy WM, Watson B, Ioli VA, Williams K,
Bird S, West DJ. A randomized trial of alternative
two- and three-dose hepatitis B vaccination regi-
mens in adolescents: antibody responses, safety, and
immunologic memory. Pediatrics 2001; 107:626-
31; PMID:11335734; http://dx.doi.org/10.1542/
peds.107.4.626

Chen WH, Kozlovsky BE Effros RB, Grubeck-
Loebenstein B, Edelman R, Sztein MB. Vaccination
in the elderly: an immunological perspective. Trends
Immunol 2009; 30:351-9; PMID:19540808; http://
dx.doi.org/10.1016/j.it.2009.05.002

Keating GM, Noble S. Recombinant hepatitis B
vaccine (Engerix-B): a review of its immunogenic-
ity and protective efficacy against hepatitis B. Drugs
2003; 63:1021-51; PMID:12699402; htep://dx.doi.
0rg/10.2165/00003495-200363100-00006

Harris A, Yong K, Kermode M. An economic evalu-
ation of universal infant vaccination against hepatitis
B virus using a combination vaccine (Hib-HepB): a
decision analytic approach to cost effectiveness. Aust N
Z ] Public Health 2001; 25:222-9; PMID:11494989;
hetp://dx.doi.org/10.1111/j.1467-842X.2001.
tb00566.x

Margolis HS, Coleman PJ, Brown RE, Mast EE,
Sheingold SH, Arevalo JA. Prevention of hepati-
tis B virus transmission by immunization. An eco-
nomic analysis of current recommendations. JAMA
1995; 274:1201-8; PMID:7563509; http://dx.doi.
org/10.1001/jama.1995.03530150025029

De Wilde M, Cabezon T, Harford N, Rutgers T,
Simoen E, Van Wijnendaele E Production in yeast of
hepatitis B surface antigen by R-DNA technology. Dev
Biol Stand 1985; 59:99-107; PMID:4007280

Hauser P, Voet P, Simoen E, Thomas HC, Pétre ], De
Wilde M, et al. Immunological properties of recombi-
nant HBsAg produced in yeast. Postgrad Med ] 1987;
63(Suppl 2):83-91; PMID:2446304

www.landesbioscience.com

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Pétre J, Van Wijnendaele F, De Neys B, Conrath K,
Van Opstal O, Hauser P, et al. Development of a hepa-
titis B vaccine from transformed yeast cells. Postgrad
Med ] 1987; 63(Suppl 2):73-81; PMID:3317362
Marangi AL, Giordano R, Montanaro A, De Padova
E Schiavone MG, Dongiovanni G, et al. Hepatitis B
virus infection in chronic uremia: long-term follow-up
of a two-step integrated protocol of vaccination. Am J
Kidney Dis 1994; 23:537-42; PMID:8154489
Marangi AL, Giordano R, Montanaro A, De Padova F,
Schiavone MG, Fedele AR, et al. A successful two-step
integrated protocol of anti-HBV vaccination in chronic
uremia. Nephron 1992; 61:331-2; PMID:1386907;
http://dx.doi.org/10.1159/000186928

André FE. Overview of a 5-year clinical experience
with a yeast-derived hepatitis B vaccine. Vaccine 1990;
8(Suppl):S74-8, discussion S79-80; PMID:2139288;
http://dx.doi.org/10.1016/0264-410X(90)90222-8
Wiedermann G, Scheiner O, Ambrosch E Kraft D,
Kollaritsch H, Kremsner P, et al. Lack of induction of
IgE and IgG antibodies to yeast in humans immunized
with recombinant hepatitis B vaccines. Int Arch Allergy
Appl Immunol 1988; 85:130-2; PMID:2962947;
hetp://dx.doi.org/10.1159/000234489

Stevens CE, Taylor PE, Tong MJ, Toy PT, Vyas GN,
Nair PV, et al. Yeast-recombinant hepatitis B vaccine.
Efficacy with hepatitis B immune globulin in preven-
tion of perinatal hepatitis B virus transmission. JAMA
1987; 257:2612-6; PMID:2952812; http://dx.doi.
0rg/10.1001/jama.1987.03390190090026

Lemon SM, Weber DJ. Immunogenicity of plasma-
derived hepatitis B vaccine: relationship to site of
injection and obesity. ] Gen Intern Med 1986; 1:199-
201; PMID:2945916; http://dx.doi.org/10.1007/
BF02602339

de Lalla F Rinaldi E, Santoro D, Pravettoni G.
Immune response to hepatitis B vaccine given at
different injection sites and by different routes: a
controlled randomized study. Eur J Epidemiol 1988;
4:256-8; PMID:2969825; http://dx.doi.org/10.1007/
BF00144763

Ahmed R, Gray D. Immunological memory and
protective immunity: understanding their relation.
Science 1996; 272:54-60; PMID:8600537; http://
dx.doi.org/10.1126/science.272.5258.54

Marsano LS, West DJ, Chan I, Hesley TM, Cox ],
Hackworth V, et al. A two-dose hepatitis B vaccine regi-
men: proof of priming and memory responses in young
adults. Vaccine 1998; 16:624-9; PMID:9569474;
http://dx.doi.org/10.1016/50264-410X(97)00233-8
Venters C, Graham W, Cassidy W. Recombivax-HB:
perspectives past, present and future. Expert Rev
Vaccines 2004; 3:119-29; PMID:15056038; http://
dx.doi.org/10.1586/14760584.3.2.119

Leroux-Roels G, Abraham B, Fourneau M, De Clercq
N, Safary A. A comparison of two commercial recom-
binant vaccines for hepatitis B in adolescents. Vaccine
2000; 19:937-42; PMID:11115719; http://dx.doi.
0rg/10.1016/50264-410X(00)00217-6

Kundi M. New hepatitis B vaccine formulated with
an improved adjuvant system. Expert Rev Vaccines
2007; 6:133-40; PMID:17408363; http://dx.doi.
org/10.1586/14760584.6.2.133

Tong NK, Beran J, Kee SA, Miguel JL, Sénchez C,
Bayas JM, et al. Immunogenicity and safety of an
adjuvanted hepatitis B vaccine in pre-hemodialysis and
hemodialysis patients. Kidney Int 2005; 68:2298-303;
PMID:16221232; http://dx‘doi.org/lo.l 111/j.1523-
1755.2005.00689.x

Ambrosch F, Wiedermann G, Kundi M, Leroux-Roels
G, Desombere I, Garcon N, et al. A hepatitis B vac-
cine formulated with a novel adjuvant system. Vaccine
2000; 18:2095-101; PMID:10715523; http://dx.doi.
org/10.1016/S0264-410X(99)00566-6

Boland G, Beran ], Lievens M, Sasadeusz J, Dentico P,
Nothdurft H, et al. Safety and immunogenicity profile
of an experimental hepatitis B vaccine adjuvanted with
AS04. Vaccine 2004; 23:316-20; PMID:15530674;
htep://dx.doi.org/10.1016/j.vaccine.2004.06.006

Human Vaccines & Immunotherapeutics

52.

53.

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Levie K, Gjorup I, Skinhej D Stoffel M. A 2-dose
regimen of a recombinant hepatitis B vaccine with the
immune stimulant ASO4 compared with the standard
3-dose regimen of Engerix-B in healthy young adults.
Scand ] Infect Dis 2002; 34:610-4; PMID:12238579;
hetp://dx.doi.org/10.1080/00365540110080881
Rebedea I, Diaconescu IG, Bach D, Bartelsen O,
Arndtz N. Comparison of thiomersal-free and thi-
omersal-containing formulations of a recombinant
hepatitis B vaccine (Hepavax-Gene) in healthy adults.
Vaccine 2006; 24:5320-6; PMID:16707195; heep://
dx.doi.org/10.1016/j.vaccine.2006.04.018

Hieu NT, Kim KH, Janowicz Z, Timmermans I.
Comparative efficacy, safety and immunogenicity of
Hepavax-Gene and Engerix-B, recombinant hepatitis
B vaccines, in infants born to HBsAg and HBeAg
positive mothers in Vietnam: an assessment at 2 years.
Vaccine 2002; 20:1803-8; PMID:11906768; http://
dx.doi.org/10.1016/50264-410X(01)00518-7

Raz R, Koren R, Bass D. Safety and immunogenic-
ity of a new mammalian cell-derived recombinant
hepatitis B vaccine containing Pre-S1 and Pre-S2
antigens in adults. Isr Med Assoc ] 2001; 3:328-32;
PMID:11411195

Shapira MY, Zeira E, Adler R, Shouval D. Rapid sero-
protection against hepatitis B following the first dose of
a Pre-S1/Pre-S2/S vaccine. ] Hepatol 2001; 34:123-7;
PMID:11211888; http://dx.doi.org/10.1016/S0168-
8278(00)00082-9

Yerushalmi B, Raz R, Blondheim O, Shumov E, Koren
R, Dagan R. Safety and immunogenicity of a novel
mammalian cell-derived recombinant hepatitis B vac-
cine containing Pre-S1 and Pre-S2 antigens in neonates.
Pediatr Infect Dis J 1997; 16:587-92; PMID:9194109;
heep://dx.doi.org/10.1097/00006454-199706000-
00009

De Gregorio E, Tritto E, Rappuoli R. Alum adjuvantic-
ity: unraveling a century old mystery. Eur J Immunol
2008; 38:2068-71; PMID:18651701; http://dx.doi.
0rg/10.1002/¢ji.200838648

Mosca E Tritto E, Muzzi A, Monaci E, Bagnoli E
Tavarone C, et al. Molecular and cellular signatures of
human vaccine adjuvants. Proc Natl Acad Sci U S A
2008; 105:10501-6; PMID:18650390; http://dx.doi.
org/10.1073/pnas.0804699105

Petrovsky N, Aguilar JC. Vaccine adjuvants: cur-
rent state and future trends. Immunol Cell Biol
2004; 82:488-96; PMID:15479434; http://dx.doi.
org/10.1111/].0818-9641.2004.01272.x

Halperin SA, McNeil S, Langley JM, Smith B,
MacKinnon-Cameron D, McCall-Sani R, et al. Safety
and immunogenicity of different two-dose regimens
of an investigational hepatitis B vaccine (hepatitis B
surface antigen co-administered with an immunostim-
ulatory phosphorothioate oligodeoxyribonucleotide)
in healthy young adults. Vaccine 2012; 30:5445-8;
PMID:22704926; http://dx.doi.org/10.1016/j.vac-
cine.2012.05.074

Halperin SA, Ward B, Cooper C, Predy G, Diaz-
Mitoma E Dionne M, et al. Comparison of safety
and immunogenicity of two doses of investigational
hepatitis B virus surface antigen co-administered with
an immunostimulatory phosphorothioate oligodeoxy-
ribonucleotide and three doses of a licensed hepatitis
B vaccine in healthy adults 18-55 years of age. Vaccine
2012; 30:2556-63; PMID:22326642; http://dx.doi.
0rg/10.1016/j.vaccine.2012.01.087

Janowicz ZA, Melber K, Merckelbach A, Jacobs E,
Harford N, Comberbach M, et al. Simultaneous
expression of the S and L surface antigens of hepatitis
B, and formation of mixed particles in the methylo-
trophic yeast, Hansenula polymorpha. Yeast 1991;
7:431-43; PMID:1897310; http://dx.doi.org/10.1002/
yea.320070502

Pisetsky DS. Immune activation by bacterial DNA:
a new genetic code. Immunity 1996; 5:303-10;
PMID:8885863; http://dx.doi.org/10.1016/S1074-
7613(00)80256-3

1671

Do not distribute.

I0Science.

©2013 Landes B



65.

66.

67.

68.

69.

70.

71.

72.

73.

Yamamoto S, Yamamoto T, Kataoka T, Kuramoto E,
Yano O, Tokunaga T. Unique palindromic sequences
in synthetic oligonucleotides are required to induce
IFN and augment IFN-mediated natural killer activity.
J Immunol 1992; 148:4072-6; PMID:1376349
Hartmann G, Weiner GJ, Krieg AM. CpG DNA: a
potent signal for growth, activation, and maturation
of human dendritic cells. Proc Natl Acad Sci U S A
1999; 96:9305-10; PMID:10430938; http://dx.doi.
org/10.1073/pnas.96.16.9305

Klinman DM, Yi AK, Beaucage SL, Conover J, Krieg
AM. CpG motifs present in bacteria DNA rapidly
induce lymphocytes to secrete interleukin 6, interleukin
12, and interferon gamma. Proc Natl Acad Sci U S
A 1996; 93:2879-83; PMID:8610135; http://dx.doi.
org/10.1073/pnas.93.7.2879

Krieg AM, Yi AK, Matson S, Waldschmidt TJ, Bishop
GA, Teasdale R, et al. CpG motifs in bacterial DNA
trigger direct B-cell activation. Nature 1995; 374:546-9;
PMID:7700380; http://dx.doi.org/10.1038/374546a0
Krieg AM, Matson S, Fisher E. Oligodeoxynucleotide
modifications determine the magnitude of B cell stimu-
lation by CpG motifs. Antisense Nucleic Acid Drug
Dev 1996; 6:133-9; PMID:8843328; http://dx.doi.
org/10.1089/0li.1.1996.6.133

Liang H, Nishioka Y, Reich CF, Pisetsky DS, Lipsky
PE. Activation of human B cells by phosphorothioate
oligodeoxynucleotides. J Clin Invest 1996; 98:1119-
29; PMID:8787674; http://dx.doi.org/10.1172/
JCI118894

Coffman RL, Sher A, Seder RA. Vaccine adju-
vants: putting innate immunity to work. Immunity
2010; 33:492-503; PMID:21029960; http://dx.doi.
0rg/10.1016/j.immuni.2010.10.002

Van Nest G. An immunostimulatory oligonucleotide
(ISS ODN) enhances immune responses to HBV
vaccine in a variety of animal species including non-
human primates. In 39th Interscience Conference on
Antimicrobial Agents and Chemotherapy (ICAAC),
San Francisco, CA. USA 1999

Barry M, Cooper C. Review of hepatitis B sur-
face antigen-1018 ISS adjuvant-containing vac-
cine safety and efficacy. Expert Opin Biol Ther
2007; 7:1731-7; PMID:17961095; http://dx.doi.
org/10.1517/14712598.7.11.1731

1672

74.

76.

77.

78.

79.

80.

Halperin SA, Van Nest G, Smith B, Abtahi S, Whiley
H, Eiden JJ. A phase I study of the safety and
immunogenicity of recombinant hepatitis B surface
antigen co-administered with an immunostimulatory
phosphorothioate oligonucleotide adjuvant. Vaccine
2003; 21:2461-7; PMID:12744879; http://dx.doi.
org/10.1016/50264-410X(03)00045-8

Halperin SA, Dobson S, McNeil S, Langley JM, Smith
B, McCall-Sani R, et al. Comparison of the safety and
immunogenicity of hepatitis B virus surface antigen
co-administered with an immunostimulatory phos-
phorothioate oligonucleotide and a licensed hepatitis B
vaccine in healthy young adults. Vaccine 2006; 24:20-
6; PMID:16198027; http://dx.doi.org/10.1016/j.vac-
cine.2005.08.095

Sablan BP, Kim DJ, Barzaga NG, Chow WC, Cho
M, Ahn SH, et al. Demonstration of safety and
enhanced seroprotection against hepatitis B with inves-
tigational HBsAg-1018 ISS vaccine compared to a
licensed hepatitis B vaccine. Vaccine 2012; 30:2689-
96; PMID:22342916; http://dx.doi.org/10.1016/j.vac-
cine.2012.02.001

McNeil S, Halperin SA, Hart R, Miller MA, Lipman
M, Soroka SD, et al. Safety and immunogenicity of a
novel hepatitis B vaccine adjuvanted with immunos-
timulatory sequence (ISS) in renal predialysis and dialy-
sis patients. In National Kidney Foundation Spring
Meetings. Orlando, FL, USA.2010

Briefing Document FDA. HEPLISAV (Hepatitis
B Vaccine Recombinant and 1018 ISS Adjuvant).
Vaccines and Related Biological Products Advisory
Committee Meeting 2012

Martin-Orozco E, Kobayashi H, Van Uden J, Nguyen
MD, Kornbluth RS, Raz E. Enhancement of antigen-
presenting cell surface molecules involved in cognate
interactions by immunostimulatory DNA sequences.
Int Immunol 1999; 11:1111-8; PMID:10383944;
heep://dx.doi.org/10.1093/intimm/11.7.1111

Cooper CL, Davis HL, Morris ML, Efler SM, Adhami
MA, Krieg AM, et al. CPG 7909, an immunostimula-
tory TLR9 agonist oligodeoxynucleotide, as adjuvant
to Engerix-B HBV vaccine in healthy adults: a double-
blind phase I/II study. J Clin Immunol 2004; 24:693-
701; PMID:15622454; http://dx.doi.org/10.1007/
$10875-004-6244-3

Human Vaccines & Immunotherapeutics

81.

82.

83.

84.

85.

86.

Cooper CL, Davis HL, Angel JB, Morris ML, Elfer
SM, Seguin I, et al. CPG 7909 adjuvant improves
hepatitis B virus vaccine seroprotection in antiretrovi-
ral-treated HIV-infected adults. AIDS 2005; 19:1473-
9; PMID:16135900; http://dx.doi.org/10.1097/01.
aids.0000183514.37513.d2

Carman WE Zanetti AR, Karayiannis P, Waters J,
Manzillo G, Tanzi E, et al. Vaccine-induced escape
mutant of hepatitis B virus. Lancet 1990; 336:325-
9; PMID:1697396; http://dx.doi.org/10.1016/0140-
6736(90)91874-A

Waters JA, Kennedy M, Voet P, Hauser P, Petre J,
Carman W, et al. Loss of the common “A” deter-
minant of hepatitis B surface antigen by a vaccine-
induced escape mutant. J Clin Invest 1992; 90:2543-
7;  PMID:1281839;  http://dx.doi.org/10.1172/
JCI116148

Kalinina T, Iwanski A, Will H, Sterneck M. Deficiency
in virion secretion and decreased stability of the hepati-
tis B virus immune escape mutant G145R. Hepatology
2003; 38:1274-81; PMID:14578867; http://dx.doi.
org/10.1053/jhep.2003.50484

Ogata N, Cote PJ, Zanetti AR, Miller RH, Shapiro
M, Gerin ], et al. Licensed recombinant hepatitis B
vaccines protect chimpanzees against infection with
the prototype surface gene mutant of hepatitis B
virus. Hepatology 1999; 30:779-86; PMID:10462386;
http://dx.doi.org/10.1002/hep.510300309

Bauer T, Weinberger K, Jilg W. Variants of two
major T cell epitopes within the hepatitis B surface
antigen are not recognized by specific T helper cells
of vaccinated individuals. Hepatology 2002; 35:455-
65; PMID:11826423; http://dx.doi.org/10.1053/
jhep.2002.30903

Volume 9 Issue 8

Do not distribute.

I0Science.

©2013 Landes B





